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Introduction 


ChromatiaxB t/ivosamf a flagellated photosynthetic rod 
bacterium^ and Beggiatoa alb'a^ a gliding filamentous 
bacterium, both oxidize sulfide to sulfur, which is stored inside 
their cells in the form of sulfur globules. Although these 
bacteria are morphologically and physiologically distinct, th^y 
both belong to the purple bacterial group as determined by their 
5S rRNA sequences (Krieg, 1984). 

Filaments of Baggiatoa glide through sediments so that 
they are situated at the oxic/anoxic interface where sulfide and 
oxygen coexist. At this interface, sulfur is accumulated by the 
cells. Since this interface rises at night and falls during the 
day, Baggiatoa filaments must be able to generate energy under 
both oxic and anoxic conditions as they glide towards the 
interface. The aerobic oxidation of acetate by Baggzatoa has 
been well documented and shown to be responsible for energy 
generation <Strohl, 1981). However, there is no known mechanism by 
which Beggj atoa can generate energy in the absence of oxygen. 

Chromatzam is found in the anoxic layers of lakes. 

Electrons released from the oxidation of sui vide are used in 
anoxygenic photosynthesis. The sulfur that accumulates from this 
reaction increases the buoyant density of t. w? cells. As sulfur 
globules accumulate, the cells sink out of the photic zone if the 
bacterial layer is concentrated enough to limit the light 
available for photosynthetic energy production. Once below the 
photic zone Chromati ua gains maintenance energy from the 
oxidation of polyglucose to poly- -hydroxybutyric acid (FHB) and 
the reduction of sulfur to sulfide (van Gemerden, 1968). Decrease 
in the amount of intracel lular sulfur globules reduces the buoyant 
density of the cell and may permit cells to return to the photic 
zone. 


This project examined: 

1) The effect of sulfur globules on the buoyant density of 
Chromatj a» i^inosaa and Beggiatoa alba^ 

2) The potential use of sulfur as a terminal electron acceptor 
in the anaerobic metabolism of Beggiatoa alba^ and 

3) The effect of the reduction of intracel 1 ul ar sulfur during 
dark metabolism on the buoyant density of C. i/inosaam 
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Culturing Freshwater Strains o4 Beggietoe 

(Type strain: S* alba B18LD) 


STOCK SOLUTIONS 

Modified Pr ingsheim' s 
Mi cr oe: 1 ement Sol ut i on 
<5 par cant) 
CaCl^ <15 percent) 
MgS04>7H-20 (1 percent) 
KH^PO^ <1 percent) 
Sodium acetate 
Sodium sulfide 


BASIC GROWTH MEDIUM 


5 ml /I 
5 ml /I 
5 ml/1 
1 ml /I 
1 ml /I 
0.5 g/i 
0.24 g/1 


Adjust the pH of the medium to 7.4 with IN NaOH and 
autoclave. Add neutralized and sterilized sulfide \.o a final 
concentration of 1 mM. Use a 10 to 15 percent inoculum and 
gently agitate the culture for best growth. Cultures can be 
grown in the presence or absence of sulfide. 

MODIFIED PRINGSHEIM’S MICROELEMENTS 


H 3 BO 3 - 0.001 percent 
Na^MoOi^ 7 H 3 s 0 ~ 0.0001 percent 
FeS04> 7H^0 - 0.07 percent 
MnSO^ 7 H 2 O - 0.0002 percent 
C 0 CI 2 6 H 2 O - 0.0001 percent 
ZnSO^ 7Ha0 - 0.001 percent 
CuSOa - 0.0000005 percent 
EDTA ~ 0-2 percent 

Prepare in ddH^O and add 1 ml /I HCl to prevent 
precipitation of iron. 

Maintaining Cultures on Agar Plate(^ 

Cultures can be maintained for two to three weeks. on agar 
plates. Prepare the growth medium as described ab^. ve except 
lower the acetate concentration to 0.1 g /1 and add 0.1 g /1 yeast 
extract. Siulfide should be added to 1 mM after autoclaving. 

Transfer plate cultures every two to three weeks by cutting 
out a slab of agar and gently sliding it over the surface of a 
new plate- 

starting Suspension Cultures from Agar Plates 

Prepare 100 ml of 2 percent agar in a 250 ml flask. 
Autoclave, then adwl neutralized and sterilized sulfide to a final 
concentrat 1 on of 1 mM. After this solidifies, add 100 ml of 
basic growth medium (+ sulfide) and inoci*lA\te the flask with a 
section of the agar culture. Agitate gen^ /. Growth should 
occur in two days. The agar plug will provide a continuous 
release of sulfide into the medium. Beggiatoa survives best 
under microaerophi 1 ic conditions. 
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Itaterials and Methods 


Pure cultures of Chromatium vinosum and Baggzataa 
alba were grown under conditions where elemental sulfur was 
accumulated by the cells. The cultures were then transferrea 
to the apparatus diagrammed in Figure 11-17. In the 
experiments with Be^ggiatoa^ the culture was centrifuged and 
washed twice in basal salts <Strohl and Schmidt, 1984) before 
being transferred to the apparatus. Nitrogen was flushed 
through the system and the outflowing gas was bubbled through 
two test tubes that each contained 10 ml of 2 percent zinc 
acetate to precipitate sulfide. The zinc acetate tubes were 
changed every hour during the course of the experiments. This 
apparatus permirl^-J the continuous removal of sulfide so that 
sulfide toxicity did not limit metabolic rtiun of sulfur 
globules in the cell (Table II-3). C. vinosam and S. 
alba reduced the intrarel lular sulfur to sulfide at similar 
rates (Fig. 11-18). B^ggiatoa filaments that lacked sulfur 
inclusions produced no sulfide, suggesting tnat 
sulfur-containing amino acids uere not the source of the 
sulfide measured. 

The buoyant density of Chromatium culls was increased 
to 1.130 g/cm by providing illuminated cells with 1 mM sulfide 
4 hours before tl*e density measurement. This ensured that the 
Ifur to sulfide during six hours did not make a significant 
change in the buoyant density of the cells. Although sulfur 
r edu^ t i on to sul f i de wi th cor el ated decrease i n buoyant densi ty 
is r ot a mechanism by which Chromatium returns to the 
photic zone after 6 hours, it may be important to cell 
maintenance as the sulfur continues to decrease for srjveral 
days. 


Since Beggiato^ can also reduce sulfur to sulfide, we 
hypothesized that sulfur to sulfide is part of an anaerobic 
wergy— generating system. This pathway was previously 
suggested to exist in Beggiatoa (Nelson and Castenholz, 

1981 ) . Our work provides evidence to confirm such a 
suggestion . Carbon stor ed as PHB ma , be oxidized wi th the 
concomi t ant reduct i on of sul fur to sul fide. Addi t i onal 
research i s requi red to determi ne whether the ox i dat i on of PHB 
using sulfur as a te-"minai electron source provides energy in 
Seggi atca and whether this is sufficient to mai ntai n cells 
and prc'/ide energy for .novement back into the oxic zone. 
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Table II-3. Buoyant densities of B. alba C. >*inosiim 

with varying aaounts of intracellular sulfur 
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Figure 11—18. Reduction of intracel lular sulfur to sulfide. 
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